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(57) Abstract: A data entry device (Fig. 
7) having a touch screen display (214) 
with software definable images, or soft 
keys, and a movable keypad (208) thai 
covers the touch screen display in a 
closed position (200). The keypad has 
at leasi one transpareni key (210) which 
further comprises an actuator (40S) on 
a second side (404) and a substantially 
smooth surface, or lens on a second side 
(402). When the keypad is in the closed 
position, the software definable images 
are projected through the transpareni keys 
to the user. The user may then depress 
I he transparent key associated with a 
corresponding image, causing the actuator 
lo contact the touch screen display and 
thereby select the desired function. Each 
transparent key provides tactile feedback 
to the user indicating the transparent 
key has been sufficiently depressed. The 
device therefore retains tactile feedback 
of traditional keypads, while allowing 
each key lo be dynamically labeled to in 
accordance with the mode of operation. 
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Data Entry Device 
BACKGROUND OF THE INVENTION 

The invention relates generally to a configurable data entry device and 
more particularly an apparatus providing tactile feedback to the configurable 
5 data entry device while maintaining configurability of the data entry device. 

Portable electronic devices are becoming more and more popular as size, 
weight and functionality improve. Some of these portable devices function as 
wireless communication devices and traditionally include such devices as 
cellular telephones, two-way radio services, or cordless phone services just to 

10 name a few. Other portable devices do not incorporate wireless connectivity but 

are carried extensively by the user. For example, Personal Digital Assistants 
(PDAs) can be used for many functions including personal information 
management or games. These devices are currently available to the consumer, 
largely as separate products. However, devices have begun to emerge enclosing 

15 two or more devices within one housing. For example, the combination of a 

cellular radiotelephone and a personal digital assistant (PDA), or a radio 
transceiver and a PDA, allowing wireless communication. Convergence of these 
devices into one unit or multifunctional device, is the result of the desire to have 
internet, access at all times as well as the increase in popularity of personal 

20 information devices, such as PDAs and the like. These types of devices are 

limited in number and have just begun to surface in the market place. 

Short messaging devices having short messaging service (SMS) or similar 
capability are also popular allowing users to communicate with text messages as 
an alternative to voice communication. Devices with this capability are 

25 commonty used in meetings as they allow meeting participants to communicate 

with others not in the meeting on a real time basis. The user can type and send a 
message with the device without disrupting the meeting, whereas this is not the 
case with voice communication. More and more devices are becoming 
multifunction in nature and there for have user interfaces to accommodate the 
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multiple modes. However, most of these devices use software definable touch 
screen displays or similar devices, which do not provide the user with tactile 
feedback. As a result of the transition to portable multifunctional devices, the 
need to improve the user interface has become apparent. 

Current single function devices such as a cellular radiotelephones 
generally have one or two functions assigned to each individual button on the 
user interface. For example very simple low cost radiotelephones include an 
alphanumeric keypad having only a numeral and the typical three or four letters 
assigned to an individual key. If the user is dialing a number, the keys associated 
with the desired numbers are depressed. If the user is entering a name, when 
storing a phone number for example/the user must cycle through the key having 
the desired letter until the letter appears on the output device or display because 
each key represents more than one letter. In more advanced cellular 
radiotelephones, the device may have other functions or options the user must 
access. This requires either more keys, further requiring more space and a larger 
device which is less conducive to portability, or adding more functions to the 
existing keys, increasing the complexity. In some cases the device size is not 
important and additional keys may not be an issue. However, in the growing 
portable wireless device market small size and light weight is important as it 
allows the device to be easily transported. The device is more apt to be used, 
providing more billable usage to the service provider, if it is carried on the user 
at all times; small size and light weight promote this behavior. Adding another 
function to a key increases the complexity of operation as well as clutters the key 
with a plurality of indicia identifying the keys functions making the device more 
difficult to operate. As a result, this reduces the user inclination to use the device 
as all three deficiencies: complexity, size and weight discourage use and 
therefore billable time is reduced. 

One method of providing more functions without increasing the 
complexity of device operation and yet maintain a portably favorable size and 
weight is to use a touch screen display. The touch screen is a combination 
input/output (1/ O) device comprised of an input layer place on top of an output 
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layer. The output layer displays images which correspond with a designated 
input portion of the input layer. Software that controls the display defines or 
displays icons, which may for example resemble buttons or keys, on the display. 
Touching the icon of the output layer activates the designated input portion of 
5 the input layer, activating the desired function. This is commonly known as 

software defined keys or soft keys. 

Use of a touch screen display, however, has several downfalls. First, it is 
not always viable for the user to look directly at the data entry portion of the 
device when entering or selecting functions. The tactile feedback of traditional 

10 keys, which allows the user to blindly select the keys while still entering the 

desired information, is not present. 

Second it is desirable for the user in general to have tactile feedback when 
depressing a key. This acknowledges to the user that the key has been 
sufficiently depressed and the desired function has been activated. This is not 

15 available on current touch screen devices. Some devices may provide buttons 

over the touch screen device to provide a tactile feel however the buttons cover 
the touch screen, such as described in U.S. Patent 5,742, 894 assigned to Motorola 
Inc., the assignee of the present invention, and only act as an actuator, actuating 
the touch screen, therefore limiting the user to the functions indicated on the 

20 buttons. 

Some devices incorporate an audible feedback tone alerting the user that 
the desired function has been activated and even further, other devices combine 
. the audible feedback with the tactile feedback. Audible feedback alone however, 
may not be appropriate in all environments or user modes. For instance, audible 
25 keypad tones are not desired when the user is in a meeting yet desires to receive 

feedback when a key has been depressed. For example, a cellular radiotelephone 
having only audible feedback will not provide any feedback to the user if the 
audible feedback is turned off. 

The use of additional keys also poses a problem as this requires more 
30 space within the device and cost reduction is almost always desired. Touch 

screen displays may add flexibility to the input output device however this 
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renders the device without tactile feedback to the user. The current methods are 
deficient in these areas by creating larger more complex devices that are less user 
friendly than predecessors. Touch screen displays without any feedback or 
audible feedback only limit the user's options and functionality to the user. 
Therefore, there is a need to improve the means and method of providing data 
input and output capability for portable electronic devices. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of the wireless communication device in 
accordance with the preferred embodiment of the present invention; 

FIG. 2 is a front view of the wireless communication device with the second 
housing portion in the closed position in accordance with the preferred 
embodiment of the present invention; 

FIG. 3 is a front view of the wireless communication device with the second 
housing portion in the open position in accordance with the preferred 
embodiment of the present invention; 

FIG. 4 is a cross section view of one transparent key in a relaxed state in 
accordance with the preferred embodiment of the present invention; 

FIG. 5 is a cross section view of one transparent key in a depressed state in 
accordance with the preferred embodiment of the present invention;- 

FIG. 6 is a cross section view of one transparent key in a relaxed state in 
accordance with an alternative embodiment of the present invention; 

FIG. 7 is an exploded view of the wireless communication device in 
accordance with the preferred embodiment of the present invention; 

FIG. S is a top view of the wireless communication device in accordance 
with the preferred embodiment of the present invention; and 

FIG. 9 is FIG. 2 rotated 90° degrees showing the touch screen display in 
accordance with the preferred embodiment of the present invention. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention relates to a user interface and more particularly to 
5 the data entry portion of the user interface. The preferred embodiment of the 

present invention is a portable wireless communication device that combines a 
radiotelephone with personal information management capability. The user 
interface of the preferred embodiment of the present invention combines a touch 
screen display having a movable keypad incorporating transparent keys so that 

10 the touch screen display is visible through the transparent keys. The keypad is 

movable from a closed position, which allows the user to use the device as a 
phone and more voice-centric activity, using the keypad to enter telephone 
numbers/to an open position where the keypad moves away from the touch 
screen display, thereby fulty uncovering the touch screen display for data-centric 

15 oriented operation. In the open position, using the keys of the keypad in 

conjunction with the soft keys of the touch screen display gives the user tactile 
feed back when entering data, yet allows the image of the soft key, which is 
displayed on the touch screen display, to be projected through the transparent 
keypad maintaining configurable soft key capability. 

20 The block diagram in FIG. 1 shows a wireless communication device 100 

in accordance with the preferred embodiment of the present invention. This 
device is a multifunctional wireless communication device incorporating the 
present invention. One function of the device is to operate as a radiotelephone in 
a cellular telephone system or the like. In the preferred embodiment a frame 

25 generator ASIC 102, such as a CMOS ASIC available from Motorola, Inc. and a 

microprocessor 104, such as a 68HC11 microprocessor also available from 
Motorola, Inc., combine to generate the necessary communication protocol for 
operating in a cellular radiotelephone system. Microprocessor 104 uses memory 
106 comprising RAM 108, EEPROM 110, and ROM 112, preferably consolidated 

30 in one package 114, to execute the steps necessary to generate the protocol and to 

perform other functions for the wireless communication device, such as 
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accepting information from writing to a touch screen display 116, or controlling a 
frequency synthesizer 130, and receiving in a signal from a keypad sensor 136. 
ASIC 102 processes audio transformed by audio circuitry 124 from a microphone 
122 and to a speaker 126. 

A transceiver processes the radio frequency signals. In particular, a 
transmitter 128 transmits through an antenna 134 using carrier frequencies 
produced by a frequency synthesizer 130. Information received by the 
communication device's antenna 134 enters the receiver 132 that demodulates the 
symbols using the carrier frequencies from frequency synthesizer 130. The 
communication device may optionally include a message receiver and storage 
device 131 including digital signal processing means. The message receiver and 
storage device could be, for example, a digital answering machine or a paging 
receiver. 

FIG. 2 shows the preferred embodiment of the present invention 
comprised of a first housing portion 202 coupled to a second housing portion 204 
by a double hinge 206. The second housing portion 204 has a fixed transparent 
member or a lens 212 adjacent to a keypad 20S. The keypad 208 is comprised of a 
plurality of transparent keys 210 either connected together as one piece or as 
individual keys. The keypad 208 is disposed in the second housing portion such 
that each transparent key 210 is accessible from both a front side 218 and a 
backside 302 of the second housing portion 204 as shown later. The plurality of 
transparent keys 210 of the preferred embodiment of the present invention, are 
arranged in a radiotelephone keypad array having keys operative to typical 
radiotelephone functions. These functions include dialing, entering personal 
information data, web browsing and other similar functions. When the second 
housing portion 204 is in the second housing portion first position or closed 
position 200, the transparent keys 210 of the keypad 208 partially cover the touch 
screen display 214 which is mounted in the first housing portion 202. The 
exposed portion of the touch screen display 216 visible through the lens 212 of 
the second housing portion displays information to the user and works in 
conjunction with the keypad 208 while the second housing portion is in the 
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closed position 200. While in the closed position, the sensor 136, either a 
magnetic reed switch as in the preferred embodiment, or by other detecting 
means is activated, signaling the microprocessor 104 that the second housing 
portion is in the closed position 200. 

Turning to FIG. 3, the device is shown in the second housing portion 
second position or open position 300. In the open position 300, the touch screen 
display 214 is fully accessible to the user. The user can input data and view the 
touch screen display 214 directly and not through the transparent keys 210 or 
lens 212 of the second housing portion 202. This allows for the unlimited display 
and entry options as the touch screen display is configurable by software and can 
be programmed in accordance with the desired mode of operation. For example, 
the device may advantageously be used as a personal organizer having the 
capability to display a calendar, a to do list, personal contact information and 
other personal management data and the like. Even further, the device is 
intended to be used with internet browsing software that conform to such 
standards as the wireless application protocol (WAP) or iMode and the like to 
gain access to the internet in a wireless fashion. The device may also be used as a 
writing or drawing tablet wherein the touch screen display 214 is adapted for 
handwriting recognition or to receive drawing input respectively. The 
adaptability of a software definable touch screen display is only limited by 
microprocessor 104 capability and the amount of memory 106 necessary to store 
the given information, therefore allowing unlimited modes of operation. 

FIG. 4 shows a cross section view of the first and second housing portions 
(202, 204), respectively, with the transparent key 210 in its relaxed, non- 
depressed state. The transparent keys 210 shown in combination with the touch 
screen display 214, advantageously give the user tactile feedback. Physically, the 
transparent keys 210 have a front side 402 and a back side 404. The front side 402 
is accessible from the front side 218 of the second housing portion 204 and acts as 
a lens showing the image 310. This front side 402 may be a magnifying lens, 
magnifying the image 310 displayed on the touch screen display 214. The back 
side 404 of the transparent key 210 is accessible from the back side 302 of the 
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second housing portion 204. The back side 404 of the transparent key 210 has an 
actuator 408 protruding therefrom which makes contact with the touch screen 
display 214 when the transparent key 210 is depressed. Tactile feedback is 
provided in two ways. First the presence of a physical key as opposed to a soft 
5 key on a touch screen display 214, allows the user to advantageously locate and 

recognize the desired key through feel. The user does not need to look at the 
device to determine where the desired key is. In addition, when the transparent 
key 210 of the keypad 20S is depressed, tactile feedback is advantageously 
provided by the movement of the transparent key 210 as it is depressed toward 

10 the touch screen display 214. 

FIG. 5 shows the same cross section as in FIG. 4 however the transparent 
key 21 0 is now in a depressed state. The transparent key 210 is integrally 
coupled to a webbed material 410 usually made of plastic, and elastomer, or PVC 
as in the preferred embodiment. The webbed material 410 generally forms the 

15 keypad 20S, having a plurality of transparent keys 210 protruding therefrom. 

The webbed material 410 of the keypad 20S is located between the front side 402 
and the back side 404 of the second housing portion 204. The front side 402 and 
the back side 404 of the transparent key 210, hold the keypad 208 in place by 
sandwiching the webbed material 410 therebetween. The transparent key 210 is 

20 accessible through the second housing portion 204 through an aperture in the 

front side 21 S and the back side 302. The aperture in the backside 302 of the 
second housing portion 204 has a geometry larger than the transparent key 210 
and the aperture in the front side 218, allowing the transparent button 210 to 
move downward towards the back side 318 when depressed. In the depressed 

25 state, the actuator 40S contacts a corresponding selectively active portion 304 of 

the touch screen display 214 closing the circuit and activating the desired 
function. 

In an alternative embodiment of the present invention, shown in FIG. 6, 
the tactile feedback is provided by a poppel dome 612 of the poppel dome layer 
30 610, mounted to the back side 404 of the second housing portion 204, placed in 

between the transparent keys 210 and the touch screen display 214. The actuator 
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408 contacts the poppel dome 612 when the transparent key 210 is depressed, 
and the poppel dome 612 in turn contacts the corresponding selectively active 
portion 304 of the touch screen display 214 thereby sending the desired input 
signal. 

The tactile feedback is beneficial for three reasons. First, the tactile feel 
associated with the depression of the transparent key 210 beneficially 
compliments other feedback, such as an audible tone, the combination of which 
provide comprehensive feedback. Secondly, the tactile feedback advantageously 
allows the user to blindly enter data or dial the device as it allows the user to 
locate the transparent keys 210 without looking at the device. Lastly, the tactile 
feedback is further advantageous as hearing impaired users will not here the 
audible feedback tone and must rely on the tactile feedback provided by the 
transparent key 210. Yet in other device modes where a writing or drawing 
tablet is necessary, the keypad 208 can be moved out of the way of the touch 
screen allowing the user full access to the touch screen display to enter data 
accordingly. The key indicia or image of the preferred embodiment of the 
present invention, indicating the function of the transparent key 210, are 
provided by the touch screen display 214. Dynamic labeling, or software 
programability of the indicia, in conjunction with the tactile feel of the 
transparent key 210, maintains both the soft key configurability and tactile 
feedback of the data entry device. 

The touch screen display 214, displa)^ the appropriate indicia, visible 
through the transparent key 210 when the second housing portion 204 is in the 
closed position 200. Turning to FIG. 7, a first image 702 displayed by the touch 
screen display 214 is projected through the corresponding transparent key 210 to 
the user 506, shown by path 504, indicating to the user 506 which function will be 
carried out when the transparent key 210 is depressed. In the preferred 
embodiment of the present invention when the device is operating in a cellular 
radiotelephone mode, the touch screen display 214 would display an array of 
numbers corresponding in location to the array of transparent keys 210 of 
keypad 208 in a first touch screen display mode. In a second touch screen 
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display mode letters are displayed in the same maimer as number, for the entry 
of words. In a third touch screen mode, a full text keyboard is displayed and the 
user may move the keypad 20S aside and enter the text directly via the full text 
keyboard. Each number or letter is displayed though its corresponding 
5 transparent key 210. This advantageously allows for a larger font to be used as 

the transparent key 210 is not displaying as much information at one time as an 
alphanumeric key would. This is beneficial as the transparent key 210 is easier to 
ready as a result of the larger font size. This is further beneficial as the 
transparent key is less cluttered with numerous indicia or images therefore 
10 reducing the complexity of the data entry device and the operation of the device 

in general. 

The double hinge 206 has two joints, a first joint 306 coupling the second 
housing portion 204 to the hinge 206 and a second joint 308 coupling the hinge 
206 to the first housing portion 202. This allows the second housing portion 204 

15 to move freely about the first housing portion 202 as shown in FIG. 8, rotating 

from the closed position 200 wherein the keypad 208 mounted therein is planarly 
adjacent and effectively coupled thereto for interaction with the touch screen 
display 214 to an open position 300 wherein the keypad 208 is planarly adjacent 
to the back side of the first housing portion 202. In the second housing portion 

20 second position the second housing portion 204, and therefore the keypad 208, is 

out of the way of the user such that the touch screen display 214 can be used in 
any device orientation without the hindrance of the second housing portion 204. 
The free rotation capability of the second housing portion 204 allows the second 
housing portion to act as a stand, propping the device up into either a portrait 

25 configuration for speaker phone mode for one example or in a landscape 

orientation for viewing video or graphics of similar nature. 

Depending on the operation mode of the device, the device will display 
the appropriate indicia on the touch screen display 214. The indicia that is 
displayed is projected through the transparent key 210 and the indicia is changed 

30 based on the mode of the device. In a first operation mode, a first icon is 

displayed, and the user can depress the transparent key 210, activating the touch 
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screen display 214 in the location corresponding to the first indicia which selects 
the first desired function. In a second operation mode the device software would 
display a second indicia representing a different function and the user would 
select the second desired function. For example, in cellular telephone operation 
mode, the software would display a numeric telephone keypad for dialing phone 
numbers. A second mode may be entering an individuals name when storing a 
phone number in the device's memory. In this case, as show in FIG. 9, the 
software would display at full text alphabetic keyboard 902 or a QWERTY 
keyboard for easy entry of the name by the user. 

The previous description of the preferred embodiments are provided to 
enable any person skilled in the art to use the method of or making data entry 
devices. It is understood that this description is by way of example only and that 
numerous changes and modifications can be made by those skilled in the art 
without departing from the true spirit and scope of the invention. For example, 
although the present method and apparatus is for a cellular radiotelephone, it 
may also apply to other types of portable electronic devices such as personal 
digital assistants, digital cameras and the like. Further, other means of 
employing a tactile feedback may also be incorporated. The display, displaying 
the image that is projected through the transparent key does not have to be a 
touch screen display. Other displays such as a LED display or an organo- 
emissive display or the like may be incorporated into the invention. 
We claim: 
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CLAIMS 

1. A data entry device comprising: 

a first housing portion having electronic circuitry disposed therein; 

a user interface mounted in said first housing portion and having at least one 
input portion, said input portion sending a signal to said electronic circuitry in 
response to user input; 

an image displayed on said user interface wherein a location of said image on 
said user interface corresponds to said at least one input portion of said user 
interface; and 

a tactile keypad coupled to said first housing portion and having at least one 
transparent tactile key, said at least one transparent tactile key transmitting said 
image displayed on said user interface to a user when said at least one transparent 
tactile key is aligned therewith, wherein said at least one transparent tactile key has 
a lens portion and an actuator portion, 

wherein said actuator portion is adjacent to said user interface and makes 
contact with said at least one input portion of said user interface when said 
transparent tactile key is depressed, and 

wherein said transparent tactile key provides a tactile feedback to said user 
when said at least one transparent tactile key is depressed. 

2. The data entry device of claim 1 wherein said tactile keypad is coupled to said 
first housing portion by a hinge. 

3. The data entry device of claim 1 wherein said user interface is a touch screen 
display. 
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4. The data entry device of claim 1 wherein said user interface is a plurality of 
switches. 

5. The data entr)' device of claim 1 wherein said at least one image of said user 
5 interface is software definable. 

6. The data entry device of claim 1 wherein said at least one image has a geometry 
substantially the same geometry as said at least one transparent tactile key of said 
tactile keypad. 

10 

7. A wireless communication device comprising: 

a first housing portion having a front outer surface, and a back outer surface; 

a touch screen display mounted in said first housing and accessible from said 
front outer surface thereof, said touch screen display having an output portion and 
15 an input portion to display user information and receive user input, respectfully, 

wherein said output portion of said touch screen display is planarly adjacent to said 
input portion of said touch screen display, said input portion being transparent such 
that said display portion is clearly visible through said input portion, and wherein 
said input portion has at least one selectively active portion for receiving user input, 
20 and wherein said output display portion displays at least one image aligned with 

said selectively active portion; 

a hinge coupled to said first housing portion, said hinge having a first axis; 

a second housing portion having a first surface and a second surface, said 
second housing portion coupled to said first housing portion by said hinge wherein 
25 said second housing portion rotates about said first axis such that in a second 

housing portion first position, said second housing portion is planarly adjacent to 
said front outer surface and covers a portion of said touch screen display; and 
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a tactile keypad mounted in said second housing portion having at least one 
transparent key, said at least one transparent key having a front side and a back 
side, 

wherein said at least one transparent key transmits said at least one image of 
said touch screen display to the user looking at said front side of said transparent 
key when said second housing portion is in said second housing portion first 
position, 

wherein said at least one transparent key has an actuator portion protruding 
from said back side such that when said second housing portion is in said second 
housing portion first position said actuator is accessible from said second surface 
and is adjacent to said touch screen display such that when said at least one 
transparent key is depressed, said actuator activates said at least one selective^ 
active portion of said touch screen display, activating a first desired function, and 

wherein said at least one transparent key provides tactile feedback to the user 
when said at least one transparent key is depressed. 

8. The wireless communication device of claim 7 wherein said at least one 
transparent key aligns with both said at least one selectively active portion of said 
input portion of said touch screen display and said at least one image of said output 
portion of said touch screen display in said second housing portion first position, 
such that said at least one image is visible to the user through said at least one 
transparent key. 

9. The wireless communication device of claim 7 wherein said at least one image of 
said output portion is a software definable image. 

10. The wireless communication device of claim 9 wherein said at least one software 
definable image has a geometry which is substantially the same geometry as a 
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corresponding said at least one transparent key such that said at least one software 
definable image is completely visible through said at least one transparent key when 
.said second housing portion is in said second housing portion first position. 

5 11. The wireless corrununi cation device of claim 7 wherein said hinge further 

comprises a second axis, wherein said second axis is substantially parallel to said 
first axis and wherein said first axis and said second axis are separated by a distance 
equal to half the distance separating said first surface of said first housing portion to 
said second surface of said housing portion and wherein said second housing 
10 portion rotates about said first axis and said first housing portion rotates about said 

second axis allowing said second housing portion to rotate from said second 
housing portion first position to a second housing portion second position wherein 
said second housing portion is planarly adjacent to said back outer surface of said 
first housing portion. 

15 

12. The wireless communication device of claim 7 wherein said touch screen display 
in a first operation mode displays a plurality of soft keys arranged in a 
radiotelephone configuration. 

20 13. The wireless communication device of claim 12 wherein said tactile keypad 

having a plurality of transparent keys aligns with said plurality of soft keys 
arranged in a radiotelephone configuration. 

14. The wireless communication device of claim 7 wherein said touch screen display 
25 in a second operation mode displays a plurality of soft keys arranged as a full text 

keyboard, and wherein said touch screen display in a third operation mode operates 
as a handwriting recognition device. 
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15. The wireless communi cation device of claim 7 wherein said touch screen display 
displays a plurality of software definable images including icons, buttons, or text. 

16. The wireless communication device of claim 7 wherein said touch screen display 
5 in a fourth operation mode operates as a drawing tablet. 

17. The wireless communication device of claim 7 wherein said touch screen display 
has an illumination means for backlighting said touch screen display. . 

10 18. The wireless communication device of claim 7 wherein said second housing 

portion in a second housing portion third position forms an angle between said first 
housing portion and said second housing portion between 90° degrees and 360° 
degrees. 

15 19. The wireless communication device of claim 7 wherein said front side of said 

transparent key is a magnifying lens, magnifying said image of said touch screen 
display. 

20. The wireless communication device of claim 7 wherein a transceiver is disposed 
20 in said first housing portion. 
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